In recent years, the ever-increasing demand for high-capacity transmission systems has driven remarkable advances in technologies that encode information on an optical signal. Mode-division multiplexing makes use of individual modes supported by an optical waveguide as mutually orthogonal channels. The key requirement in this approach is the capability to selectively populate and extract specific modes. Optical supersymmetry (SUSY) has recently been proposed as a particularly elegant way to resolve this design challenge in a manner that is inherently scalable, and at the same time maintains compatibility with existing multiplexing strategies.
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INTRODUCTION
As first indicated by Witten [1] , supersymmetry endows two otherwise unrelated quantum mechanical operators, and , with almost identical eigenvalue spectra [2] . In general, such a relationship can be established between these two entities, provided that can be decomposed in terms of another operator, , and its Hermitian adjoint, , in the following manner: = . In this respect, the superpartner can be introduced via = . Based on this premise, it then directly follows that = = and = = , and as a result, the eigenvalue problems
share a common set of eigenvalues = . In all cases, the eigenfunctions , corresponding to these spectra are linked by the intervening SUSY operators , . Importantly, unbroken SUSY also demands that the ground state of the first operator must be annihilated by = 0. Indeed, what sets such a pair of superpartners apart from other systems obeying more conventional symmetries is the fact that the ground state of is exempt from this interrelation, and is therefore absent from the spectrum of . In recent years, these remarkable properties have been systematically exploited in developing powerful approximation schemes and establishing new families of analytically solvable potentials [2] .
Quite recently, the prospect of observing supersymmetry in optical settings has been proposed [3] . In principle, this can be accomplished by judiciously crafting the refractive index profile, thus establishing the corresponding superpartner potentials for propagating light waves (see Fig. 1 ). In this respect, optics can provide an experimental testbed upon which supersymmetric behavior can be directly investigated and potentially utilized. In this work we synthesize supersymmetric optical structures using evanescently coupled waveguide arrangements [4, 5] . Unlike continuous systems, where SUSY requires explicit control over the refractive index landscape, the discrete configurations considered here are more flexible and thus are free of such limitations (see Fig. 2 ). Using femtosecond laser direct inscription [6] , we experimentally demonstrate "SUSY ladders", capable of interrogating the modal content of an arbitrary optical input by virtue of global phase matching conditions [7] . Finally, discreteness brings about a peculiar aspect: In this type of environment, SUSY is capable of removing not only the fundamental state, but also any other mode of an optical system. This is in contrast to continuous index distributions, where non-Hermiticity is required to avoid singularities associated with nodes in the modal intensity distributions [8] . Consequently, the versatility of discrete SUSY systems could be particularly useful for applications requiring the extraction, manipulation and selective amplification of specific modes -a challenging task, especially in heavily multimoded systems. Our results may constitute a first step towards a new class of multifunctional optical structures based on supersymmetric concepts. 
SUPERSYMMETRIC PHOTONIC LATTICES
In general, light wave dynamics are dictated by the refractive index distribution. In the context of guided waves, tight binding theory can provide an effective approach in describing light evolution [4] . In this context, light propagation can be discretized, and as a result, the corresponding modal field amplitudes obey the following set of coupled differential equations along the longitudinal coordinate :
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Here, denotes the propagation constant of each guiding channel ( = 1 … ), and , = , ≡ represents the coupling strength between adjacent lattice sites. The corresponding eigenvalue problem = associated with the Hamiltonian of Eq. (1) can in turn be used to construct a superpartner lattice. This is made possible by factorizing the Hamiltonian = = in terms of an operator pair , . Note that , the fundamental eigenvalue of , fully characterizes the discrete problem. From here, the partner Hamiltonian can be obtained via = . From a practical perspective, the physical platform presented here has a unique advantage over other realizations of supersymmetry. Unlike in continuous systems, where SUSY often demands sharp features and depressions in the refractive index profile, these can be entirely avoided in discrete configurations (see Fig. 2) ). This is because the superpartner is no longer directly related to the spatial derivative of the fundamental mode of the original potential [3] . Note that the superpartner shares a common set of propagation constants (eigenvalues) with the original structure, with the exception of that of the fundamental mode. Throughout our work, we employ femtosecond laser writing schemes to inscribe lattices with appropriate effective indices and coupling coefficients. This method allows us to have full control over all the elements associated with tight binding Hamiltonians. Moreover, the evolution dynamics in such lattices can be directly observed by means of waveguide fluorescence microscopy [9] . Out of a variety of techniques for factorizing discrete operators, we will adopt Cholesky's method, the counterpart to the continuous supersymmetric transformations. 
SUSY LADDERS
The fact that supersymmetry can establish global phase matching conditions among the bound states of two different partner potentials brings about the possibility of successively isolating and extracting these modes. In turn, this can be exploited to control light transport in a hierarchical "ladder" of iteratively generated superpartners. In other words, the number of modes supported by each "step" in this ladder can be sequentially reduced, until only a single bound state (or waveguide channel) remains (Fig. 3a) . Such a ladder is depicted in Fig. 3b . In this example, starting from a fundamental lattice comprising six elements, a progression of five partner structures is then obtained, each of which is supersymmetric with respect to its immediate predecessor. As a result, the sets of eigenvalues corresponding to the individual "layers" are perfectly aligned, or phase-matched. For instance, the third mode of the fundamental structure can exchange energy with its counterparts in the second and third layer, while it is prohibited from interacting with the others. Coupling between the superpartners therefore breaks the degeneracy around these eigenvalues, giving rise to multiplets of collective ladder states as illustrated in Fig. 3c . In order to observe this behavior, a SUSY ladder similar to that of Fig. 3b has been fabricated in fused silica glass. In this arrangement, the fundamental structure happens to be a uniform lattice with a constant coupling of = 0.65 cm between identical elements. Meanwhile, the remaining five superpartners are placed such that the inter-layer coupling is = 0.05 . The node-free shape of the fundamental state in each step allows for high coupling efficiencies when excited with a Gaussian beam launched perpendicularly to the input facet. The first panel of Fig. 3d shows the propagation dynamics arising from such excitations in each layer. Indeed, light injected into the ground state of the fundamental array remains localized, and by no means interacts with the rest of the ladder. In contrast, wave packets originating from the ground state of any higher layer can freely ascend the ladder, thereby being converted to the respective higher-order modes of the fundamental partner. Conversely, higher order excitations of the fundamental lattice (e.g. in the state, 1) can be transported across the ladder up to the corresponding layer ℓ = (see Fig. 4a ). This is confirmed by experimental results as shown in Fig. 4b , where the input beam was tilted at appropriate angles so as to selectively populate the three lowest states ( = 1 … 3). Note that, in all cases, the output patterns clearly reflect the mode transformation, taking place in the SUSY ladder. This becomes apparent from the node-free distribution in the respective highest accessible steps. Our results indicate that such specifically designed supersymmetric arrangements could be useful for probing, manipulating and interrogating the modal content of a given input field distribution. This is enabled by the fact that in such a setup the modes can be spatially separated via global phase matching conditions as afforded by SUSY -even in highly multimoded environments. 
CONCLUSION
In summary, we have experimentally investigated for the first time light transport in supersymmetric optical structures. Our results demonstrate that such superpartner potentials can be effectively realized in discrete arrangements, which could in turn be employed to judiciously manipulate the modal content of an optical field. We have shown that SUSY transformations can readily facilitate the removal of the fundamental mode from multimode optical structures. In turn, hierarchical sequences of such SUSY partners naturally implement the conversion between modes of adjacent order. Our experiments illustrate just one of the many possibilities of how SUSY may serve as a building block for integrated mode-division multiplexing arrangements (see Fig. 5 ). Supersymmetric notions may enrich and expand integrated photonics by versatile optical components and desirable, yet previously unattainable, functionalities. Along similar lines, the scattering properties of SUSY partners [9] can in principle be utilized to synthetize artificial optical structures that exhibit properties not found in nature, thus supplementing already existing approaches in optical metamaterials based on transformation optics. In this vein, low-contrast dielectric arrangements can be designed to fully mimic the behavior of a given high-contrast structure that would have been otherwise beyond the reach of available materials and existing fabrication techniques [10] . Figure 5 . Schematic of a mode-division-multiplexed optical interconnect based on hierarchical SUSY ladders. Multiplexing as well as demultiplexing are carried out by identical optical structures in an entirely passive fashion. The approach is readily scalable, as the underlying SUSY formalism is in principle applicable to arbitrarily large mode sets.
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